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Title: r^pvnv^ments to flg Toting to Systems for Optical Detection or Measurement 
Field of invention 

This invention relates to assay devices for the measurement of analytes. In particular it 
relates to electronic readers for use with assay test-strips which use optical methods of 
measurement. 



Background of the Invention 

Disposable analytical devices suitable for home testing of analytes are now widely 
commercially available. A lateral flow immunoassay device suitable for this purpose for 
the measurement of the pregnancy hormone human chorionic gonadotropin (hCG) is sold 
by Unipath under the brand-name ClearBlue ™ and is disclosed in EP291 194. 

EP291194 discloses an immunoassay device comprising a porous carrier containing a 
particulate labelled specific binding reagent for an analyte, which reagent is freely mobile 
when in the moist state, and an unlabelled specific binding reagent for the same analyte, 
which reagent is immobilised in a detection zone or test zone downstream from the 
unlabelled specific binding reagent. Liquid sample suspected of containing analyte is 
applied to the porous carrier whereupon it interacts with the particulate labelled binding 
reagent to form an analyte-binding partner complex. The particulate label is coloured and 
is typically gold or a dyed polymer, for example latex or polyurerhane. The complex 
thereafter migrates into a detection zone whereupon it forms a further complex with the 
immobilised unlabelled specific binding reagent enabling the extent of analyte present to be 
observed. 

However such commercially available devices as disclosed above require the result to be 
interpreted by the user. This introduces a degree of subjectivity, which is undesirable. 



■> 
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B^o* «>t tm to combi-m wfth aaaay rest-shipa *» 

e^don and/or arnotwl of analyte to a «uid sanp.0 . k~ ™S 
such a device which uses an optical method in order to determine the result. An assay test 
snc* SS that discing to EP29.194 is insert toto a reader such «. the «* . 
aUgned with opnc, present wttnto the reader. U* *om a ugh. aow,, 
emitting diode (LED), is shone on* *e test snip and ehher reflect or n***" 
detccred by a photodentfor. Typically, the reader will have more than one LED, and a 
corresponding photodettctor is provided fcr each of the plurality of LEDs. 

US5S80794 diacloaea a My disposable tategraKd assay n»der and kttd no* aasa, « 
srtp wbcreby oprfa present to d. reader rti the »« to be d«en»Jn*e opdcally uang 
reflectance measurements. 

An important consideration in assay reading device of this type is the required that the 
assay reader and the test strip are carefully aligned. Tins is because the visible signal 
formed in the detection zone (and the control zone, if present) is fairly narrow (about 1** 
wide) so a small displacement of the detection or control zone relative to the respectrve 
photodetector may significantly affect the reading made by ihe photodetector. In add.Uon, 
„ is generally important that the photodetector is as close as possible to me test strip, since 
me amount of light which is 'captured' by the photodiode is fairly small, and the Sagnal 
intensity normally obeys ihe inverse square law. so that it diminishes rapidly as the 
separation between the test strip and me photodetector increases. Thus there * a 
requirement for the user to carefully align the test stick with the assay result reader wtach, 
especially for devices tatted to be used in the hornc, can be problematic. 

One sohmon to this problem is provided by US 5580794, whereto the assay strip to 
provided as an integral component of the result reader, thereby avoiding the need for the 
user to insert the test strip into the reader. An alternative solution is taught by EP 
0833145 which discloses a test strip and assay result reader combination, where* the 
assay result reading device can be suceessmlly triggered to make a reading only when 
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there is a precise three-dimensional fit between the test strip and the reader, thereby 
ensuring the correct alignment has been obtained. 

Summary of the Invention 

It is an object of the invention to provide an inexpensive, typically disposable, assay reader 
either for use with, or in integral combination with, an assay test strip such as disclosed by 
EP291194. 

It is a further object of the invention to provide an assay reader whereby the optics are 
provided within the reader in a compact arrangement. 

It is yet a further object of the invention to provide an assay reader whereby the optics are 
arranged within the reader so as to provide an optimal or near optimal path length between 
the light source and photodetector thus ensuring a strong signal. 

In a first aspect the invention provides an assay result reading device for reading the result 
of an assay performed using a test strip, die device comprising; a light source or sources, 
said light source/s emitting light incident upon at least two, spatially separated zones of the 
test strip; and a photodetector which detects light emanating from each of the two said 
zones. A photodetector which is used to detect light emanating from two distinct zones of 
the test strip, may be referred to as a "shared" photodetector. 

In a second aspect the invention provides an assay result reading device for reading the 
result of an assay performed using a test strip, the device comprising: at least one light 
source incident upon a zone of the test strip; and at least two photodetectors bom of which 
are able to detect some of the light emanating from the zone of the test strip illuminated by 
the light source. Such a zone, "read" by two or more photodetectors. may be referred to 
as a "commonly read zone". 
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In a third aspect, the invent provide, a medtod of reading the result of an assay 
performed rata* a re* strip, te'-riU «"*■*■ * - °» 80 -» ^ ^ 
device in accordance with tie first and/or second aspects defined above. 

An advajirage associated with die arrangement defined ill relation to the first aspect of tire 

h «*.i.«--*w•----••»■-*-* ,, - , ■ , ■ ,a, * , ' , • , 

cpacMy impofl-d consider**, if reader la i»*nded to * disposable: the 
ptotodetectors themselves, beinj eapemivc components, fcrnt a significant par. 

of the overall cost. 

A further advantage is that the arrangement can provide greater accuracy and reduce the 
need for accurate positioning of the test strip relative to the reader. Suppose, for example. 
a test strip were provided with two separate, but closely spaced, confrol zones and a 
photodetector were positioned in the reader so as to he between the two control zones. If 
the test strip were slighdy mis-aligned, laterally, relative to the assay reader device, the 
signal from one of the control zones would be less intense as the zone in question would be 
farther from the photodetector. However, the other control zone would necessarily be 
closer to me photodetector by a corresponding amount, and would therefore provide a 
stronger signal to compensate for the weaker signal from the other zone. Furthermore * 
has been observed mat the amount of bound material present at a particular zone wall vary 
along the length of the zone in the direction of liquid flow. Preferential binding of me 
aaaiyte takes place at the leading boundary edge and diminishes along the length of the 
zone in the direction of liquid flow. Thus any nus^ignment may result in a greater error 
man might have been expected if the analyte were captured in a uniform fashion. US 
5968839 discloses an electronic assay reader for use with a test strip, wherein it is 
attested to compensate for this non-uniform binding by me provision in the relevant 
binding zone of a plurality of deposits of immobilised capture reagent, the density Of winch 
deposits increases from the leading boundary to the trailing edge of the zone. 

Similarly, the arrangement defined in relation to the second aspect of the invention also 
reduces the requirement for precise relative positioning of the test strip and the assay result 
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reading device: there is an in-built signal compensation for any misalignment between the 
test strip and the assay result reader for any zone which is commonly read by ihe two or 
more photodetectors, since relative movement of the commonly read zone away from one 
of the photodetectors will necessarily (within certain limits) involve movement by a 
corresponding amount towards the other photodetector/s. 

The light emanating from the zone or zones, as appropriate, may be light which is 
reflected from the test strip or, in me case of a test strip which is transparent or translucent 
(especially when wet e.g. following the application of a liquid sample), light which is 
transmitted through the test strip. For the purposes of the present specification, light 
incident upon a particular zone of a test strip from a light source, and reflected by the strip 
or transmitted therethrough, may be regarded as "emanating" from the strip, although of 
course the light actually originates from the light source. 

The preferred light sources are light emitting diodes (UEDs), and the preferred 
photodetector is a photodiode. 

Reflected light and/or transmitted tight may be measured by the photodetector. For the 
purposes of this invention, reflected light is taken to mean that tight from the light source 
is reflected from the test strip onto the photodetector. In this situation, the detector is 
typically provided on the same side of the test strip as the tight source. Transmitted light 
refers to tight that passes through the test strip and typically the detector is provided on the 
opposite side of the test strip to the tight source. For the purposes of a reflectance 
measurement, the test strip may be provided with a backing such as a white reflective 
Mylar*™ plastic layer. Thus tight from the light source will fall upon the test strip, some 
will be reflected from its surface and some will penetrate into the test strip and be reflected 
at any depth up to and deluding the depth at which the reflective layer is provided. Thus, 
a reflectance type of measurement may actually involve transmission of light through at 
least some of the thickness of the test strip. Generally, measurement of reflected light is 
preferred. 
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fi iB especially preferred flat ihe reading devace of *e ^ « 
of Ugh, source w^taH-^..-**— * 

.aprtociplcaoassav resol. readtog device — 

J ^ « of forces aad m — - P*™"""*'' F °* "* " 

.H- U ft. . of toe W -* *« a -»"*" "* " " ** 

stti p, «, a stogie Photodercoor wtoch is shared hy all toe aooe, la prac** * ■ 
difficult 10 arrange for more rhan three zones to share a stogie pho—. — 
photodeKc™ will have ttouhie to de««tog a stfficiea.lv sfcoag aigaai from toe aooes 
which are furthest away . 

Preferably an a^y result reader will he in accordance witi, both the Hm and second 
aspects of the invenUon. Desirably the reader will comprise a plurality of light sources 
and a smaller plurality of photodetectors. In particular, where the reader comprises X 
Ught sources for illununating the test strip, it will comprise X-l photodetectors. By 
snaring of the photedetectors between the respective light sources, the number of detectors 
required might be reduced still further, e.g. using three photodetectors to defcet hgbt 
^nanadng from an assay test strip that has been Nominated by five light source* 

More specifically, a preferred embodiment of the invention comprises a first, second and 
third light source, each light source illuminating respective first, second or third .ones of a 
tesl strip. Conveniently the first light source wuminates a test zone or detection zone; the 
second light source ffluminates a reference zone; and the third light source illuminates a 
control zone. The test or detection zone is a zone of the test strip in which an optical 
signal is formed (e.g. accumulation or deposition of a label, such as a particulate coloured 
biadin8 reagent) in the presence or absence, as appropriate, of the analyte of interest. (By 
way of explanation some assay formats, such as displacement assays, may lead to the 
of signal in the absence of the analyte of interest). The control zone is a zone of 
the test strip in which an optical signal is formed irrespective of me presence or absence of 
the analyte of interest to show that, the test has been correctly performed and/or that the 
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binding reagents are functional. The reference zone is a zone wherein, typically, only 
"background" signal is formed which can be used, for example, to calibrate the assay 
result reading device and/or to provide a background signal against which Hie test signal 
may be referenced. 

This particular preferred embodiment also comprises two photodctectors. The first 
photodetector is substantially adjacent to or primarily associated with the first light source 
and is intended to detect light emanating the zone of the test strip Uluminated by the 
respective light source. However the photodetector is so positioned as to be also capable 
of detecting some of the fight emanating from the second zone of the test strip, fflxuninated 
by the second fight source. 

The second photodetector is substantially adjacent to or primarily associated with the third 
fight source and is intended to detect light emanating from the zone of the test strip 
Uluminated by the respective light source. However the photodetector is so positioned as 
to be also capable of detecting some of the light emanating from the second zone of the test 
strip, muminated by the second light source. 

Accordingly, this embodiment is in accordance with the first aspect of the invention since 
it comprises a plurality of light sources and a photodetector which detects light emanating 
from at least two spatially separated zones of the test strip. In addition, this embodiment 
described above is in accordance with the second aspect of the invention, since it 
comprises two photodetectors, both of which are able to delect some of the fight emanating 
from a zone of the test strip (in this instance, two photodetectors are able to detect light 
emanating from the second zone of the test strip). 

It is preferred that, when the assay strip is correctly inserted into a reader device in 
accordance with the second aspect of the invention, the commonly read zone will be at a 
position intermediate between the two photodetectors, such that (within certain limits) a 
lateral movement away from one of the photodetectors will inevitably involve a 
corresponding lateral movement towards the other photodetectors, so as to allow for the 
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« ffi^t TvoicaUv but not essentially, the commonly read zone 
desired sianal compensation effect, lypicauy, ow uv 

!TL S— » - - ** " m B 

correctly positioned within the reader. 

, is also M — - -» -* »~ « *** 10 ""^ "* * 

invention comprts* a plurality of «. ««• . — - — "* 

For ewmple. optical baffles may be provided between or around the tight sources so as to 
limit the portion of the test strip illuminated by each light source. 

R, the evolve of M it * eapressly aaed fta. any of mo reatures of ^invention 

.escribed as -prefered". ^ •—*«*■ •"»■"—»»« 

„ an embodiment of toe hrveraloo in combination wtth any other tenure or 
sc-deacribed, or may be ..opted in Isolation unlesa the context dteatesoti^. 

The invention wiU now be fhrtoer described b, way of iUusbutive crample and a* 
reference to the accompanying drawings, in which: 

Hg^, i is a perapective view of . aasay read, reader in accorfance with toe prefer 
features of the fust and second aspects of the Invention; 

Figure 2 1, a bio* dingran, fflustrattae scberaatieaUy some of *e interna, component of 
the leading device embodiment depicted In Figure 1; and 

Figures 3-5 sre schematic represenratioo, of an embodiment utcotpotating a preferred Ugbt 
souxce/photodetector arrangement, 

Example 1 

An embodiment of an assay result reading device in accordant with the first and second 
aspects of the invention is illustrated to Figure 1. 
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The reading device is about 12cm long and about 2cm wide and is generally finger or 
cigar-shaped. However, any convenient shape may be employed, such as a credit card 
shaped reader. The device comprises a housing 2 formed from a light-impermeable 
synthetic plastics material (e.g. polycarbonate, ABS, polystyrene, high density 
polyethylene, or polypropylene or polystyrol containing an appropriate light-blocking 
pigment, such as carbon). At one end of the reading device is a narrow slot or aperture 4 
by which a test strip (not shown) can be inserted into the reader- 

On its upper face the reader comprises two oval-shaped apertures. One aperture 
accommodates the screen of a liquid crystal display 6 which displays information to a user 
e.g. the results of an assay, in qualitative or quantitative: terms. The otiier aperture 
accommodates an eject mechanism actuator 8 (in the form of a despressible button), which 
when actuated, forcibly ejects an inserted assay device from the assay reading device. 

The test strip for use with the reading device is a generally conventional lateral flow test 
stick e.g. of the sort disclosed in US 6,156,271, US 5,504,013, EP 728309. or EP 
782707. The test strip and a surface or surfaces of the slot in the reader, into which the 
test strip is inserted, are so shaped and dimensioned that the test Strip can only be 
successfully inserted into me reader in the appropriate orientation. 

When a test strip is correctly inserted into the reader, a switch is closed which activates the 
reader from a "dormant" mode, which is the normal state adopted by the reader, thereby 
reducing energy consumption. 

Enclosed within the housing of the reader (and therefore not visible in Figure 1) are a 
number of further components, illustrated schematically in Ftgute 2. 



Referring to Figure 2, the reader comprises three LEDs 10a, b, and c. When a test strip is 
inserted into the reader, each LED 10 is aligned with a respective wne of the test strip. 
LED 10a is aligned with the test zone. LED 10b is aligned with the reference zone and 
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LED 10c is aligned with the control zone. Two photodiodes 12 detect light reflected from 
me various zones and generate a current, the magnitude of which is proportional to the 
amount of light incident upon the photodiodes 12. The current is converted into a voltage, 
buffered by buffer 14 and fed into an analogue to digital converter (ADC, 16). The 
resulting digital signal Is read by microcontroller 18. 

One photodiode detects light reflected from the test zone and some of the light reflected 
from the reference zone. Tne other photodiode 12 detects some of the light reflected from 
the reference zone and the light reflected from the control zone. Tie microcontroUer 18 
^ontheLEDslOoiKata^ 

any given time - in this way the signals generated by light reflected from the respecttve 
zones can be discriminated on a temporal basis. 

Figure 2 further shows, schematically, the switch 20 which is closed by insertion of an 
assay device into the reader, and which activates the microcontroller 18. Although not 
shown in Figure 2, the device further comprises a power source (typically a button cell), 
and an LCD device responsive to output from the microcontroller 18. 

In use a dry test strip (i.e. prior to contacting the sample) is inserted into the reader, this 
doses' the switch 20 activating the reader devfce, which then performs an ininsl 
calibration. The intensity of light output from different LEDs 10 is rarely identical. 
Similarly, the photodetectors 12 are unlikely to have identical sensitivities. Since such 
variation could affect the assay reading an initial calibration is effected, in which the 
microcontroller adjusts the length of time that each of the three LEDs is mumioated, so 
that the measured signal from each of the three zones (test, reference and control) ts 
approximately e4ual and at a suitable operating position in a linear region of the response 
profile of the system (such that a change in intensity of light reflected from the various 



zones 
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each zone whilst the test strip is dry - subsequent measurements ("test values") are 
normalised by reference to the calibration value for the respective zones (i.e. normalised 
value = test value/calibration value). 

To conduct an assay, a sample receiving portion of me test strip is contacted with the 
liquid sample. In this case of a urine sample for instance, the sample receiving portion 
may be held in a urine stream, or a urine sample collected in a receptacle and the sample 
receiving portion briefly (about 5-10 seconds) immersed in the sample. Sampling may be 
performed whilst the test strip is inserted in the reader or, less preferably, the strip can be 
briefly removed from the reader for sampling and then reintroduced into the reader. 

Measurements of reflected light intensity from one or more (preferably all three) of the 
zones are then commenced, typically after a specific timed interval following insertioa of 
the test strip into the reader- Desirably the measurements are taken at regular intervals 
(e.g. at between 1-10 second intervals, preferably at between 1-5 second intervals). The 
measurements are made as a sequence of many readings over short (10 milliseconds or 
less) periods of time, interleaved zone by zone, thereby rninimising any effects due to 
variation of ambient light intensity which may penetrate into the interior of die reader 
housing. 



Fvatnpte 2 

This example described in greater detail the features of the preferred arrangement of LEDs 
and photodiodes Outlined in Example 1. 

Figure 3 is a schematic representation of the layout of the 3 LED/2 Photodiode optical 
system described in Example 1. Figure 4 is a schematic representation of a side elevation 
of one LED/Photodiode, and illustrating their position relative to a nitrocellulose test strip. 
Figure 5 is a schematic plan view of the LED/Photodiode arrangement, again illustrating 
their position relative to a test strip. 
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Referring to Figure 3, an optics block component for accommodation within an assay 
result reading device in accordance with the invention comprises three LEDs (LED 1, 2 
and 3) and two photodetectors (PDl and PD2). Light from LED 1 illuminates a test zone 
of a test strip (not shown) inserted into the reader. Light reflected from the test zone is 
detected by PDl. Light from LED3 ilhiminates a control zone of the test strip and light 
reflected therefrom is detected by PD2. Light from LED2 muminates a reference zone of 
die test strip. 

Each LED is optically isolated by light-impermeable baffles 14, which ensure that each 
LED is capable of miiminating only its respective zone of the test strip. However the 
surfaces of the baffles facing LED2 are angled so as to allow LED2 to Nominate a slightly 
wider portion of the test strip than LED1 or 3, and this in turn allows light reflected from 
the reference zone to be detected by both PDl and PD2. 

The relative positioning of the test strip, LEDs and photodiodes may be better understood 
by reference to Figures 4 and 5. 

Referring to Figure 4, a test strip 20 is inserted into the reading device above the plane of 
the LEDs and photodiodes. The test strip 20 is of laminate construction comprising an 
uppermost backing layer 22 of reflective opaque white Mylar"™, a synthetic plastics 
material, and a lowermost front layer 24 of clear Mylar 11 ™ . Sandwiched between the 
Mylar"™ layers 22, 24 is a layer of porous material 26 (typically nitrocellulose). The 
purpose of the Mylar*™ layers is to protect the delicate nitrocellulose and provide 
mechanical strength and rigidity. In addition, die opaque backing layer 22 is relatively 
highly reflective, and this serves to improve contrast: relatively lhtle light is absorbed by 
the layers 24, 26 and much of the light incident upon the various zones would therefore 
tend to pass Straight through the test strip, but the reflective Mylar"™ backing layer 22 
ensures that this light is reflected. In addition, since the particulate label accumulating in 
flae mtrocellulose layer 26 absorbs only a portion of the light as it passes through in a 
generally upwards direction, the label has in effect a second chance to absorb light as it 
passes back through the test strip 20 in a generally downwards direction, having been 
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reflected by the opaque Mylar R ™ backing layer 22. This significantly improves the signal: 
noise ratio. 

As can be seen from Figure 4 and 5, the photodiodes PD1 and PD2 are aligned with their 
respective LEDs, LED1 and 3, but are offset, in that the LEDs lie towards one side of the 
test strip whilst the photodiodes He towards the other side* Having the photodiodes offset 
in this way avoids, or at least reduces, the amount of specular reflection from the clear 
MyIar RTM 1^,. 24 detected by the photodiodes (i.e. light which is reflected directly from 
the initial Mylar*™ layer 24 without ever penetrating into the nitocellulose layer - 
detection of such reflections would decrease the signal: noise ratio). 

Referring to Figure 4 the relationship between signal intensity (I) and the angle (S) of the 
reflected light relative to the pbotodiodc is I oc cos G 4 . 

Furthermore, the relationship between signal intensity (I) and the distance (x) of the 
photodiode from the reflecting object is X oc Vx 2 (i.e. the inverse square law). 

It is apparent that, in view of the inverse square law, it would generally be preferred to 
position the photodiodes as close as possible to the test strip (i.e. decrease x), so as to 
increase the signal intensity L However, merely decreasing the vertical separation y 
between the photodiode and the test strip would increase angle 9, decreasing the value of 
cos e and therefore tend to reduce the signal intensity. 

An alternative approach to improve signal intensity would be to re-position the photodiode 
nearer the centre of the system (indicated by the dotted lines in Figure 4) which would 
simultaneously decrease X and 6- However, this is found to be undesirable as it increases 
the likelihood of detecting specular reflections. Accordingly an aligned but offset position 
for the photodiodes provides an optimal compromise of all these considerations. 

It will be noted from Figure 5 that photodiode 1 is aligned with the test zone and 
photodiode 2 is aligned with the control zone. This alignment ensures that any variation of 
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che ^positioning of the test strip and assay reader has minimal effect on the angle 6 . 
Whilst PD1 and PD2 are not aligned wim me reference zone, and are therefore subject to a 
relatively large (and therefore undesirable) angle of 8, this problem is not significant 
because (i) the use of two detectors to read the reference zone allows for compensation of 
any positional variation, since relative movement of the test strip so as to increase 9 for 
one photodetector wiU decrease e for the other photodetector; and (ii) the reference zone is 
used to give a background reading for calibration purposes - me photodlodes are not 
required to measure the signal in*nshy from a narrow line <as with the test or control 
zones), and so the measurement of the reference zone signal is inherently less sensitive to 
variation from mis-positioiring. 
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CLAIMS 

1 . An assay result leading device for reading the result of an assay performed using a test 
strip, the device comprising: a light source or sources, said light source/s emitting light 
incident upon at least two, spatially separated zones of the test strip; and a 
photodetector which detects light emanating from each of the two said zones. 



2. An assay result reading device for reading the result of an assay performed using a test 
strip, the device comprising: at least one light source incident upon a zone of the test 
strip; and at least two photodecectors both of which are able to detect some of the light 
wnanarirtg from the zone of the test strip illuminated by the light source. 

3. A reading device in accordance with claim 1 and in accordance with claim 2. 

4. A reading device in accordance with any one of the preceding claims, comprising a 
plurality of light sources. 

5. A reading device in accordance with any one of the preceding claims, wherein the light 
source or sources comprises LEDg. 

6. A reading device in accordance with any one of the preceding claims, wherein the 
photodetector is a photodiode. 

7. A reading device in accordance with claim 1 or any claim dependent thereon, wherein 
the photodetector is positioned "between the spatially separated zones, 

S. A reading device in accordance with claim 2 or any claim dependent thereon, wherein 
the zone is positioned between the two photodetectors. 
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, the result of an assay performed using a test s«rip, to method 

a a method of reading the result or «j. j r 

( , a «av result reading device in accordance with any one of me 
comprising use of an assay result reauiug 

preceding claims. 

1, ^in* device substantially as Hereinbefore described and wim 
10. An assay result reading device sudskuu-j 

reference to the accompanying drawings- 
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ABSTRACT 

Title: Improvements in or Relating to S ystems for Optical Detection or Measurement 

Disclosed, in one aspect, is an assay result reading device for reading the result of an assay 
performed using a test strip, the device comprising: a light source or sources, said light 
source/s emitting light incident upon at least two, spatially separated zones of the test strip; 
and a photodetector which detects light emanating from each of the two said zones; in a 
farther aspect is disclosed an assay result reading device for reading the result of an assay 
performed using a test strip, the device comprising: at least one light source incident upon 
a zone of the test strip; and at least two photodetectors both of which are able to detect 
some of the light emanating from the zone of the test strip illuminated by me light source. 
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